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(54) [&9J®fc«i] fifc&jftfc 



(57) 

[ Ml ] JSMftiBOHje^Ktc J: 4>?*<0*Iffc** 
It. A«^lifeJ:tfAil«^il*iWllittJ:<*« 

[N (C 2 H 5 ) 2 ] 4 6£JRSU t-^7tW*M 

f&ti. TumfcmBtfL-t&mizit. t 3 cn (c 

2 H 5 ) 1 ] 4 i:*fcO,*iSi®lrtt:tt»1-ft. SfcT 

*mmmmh%&i,z\±, Ta cn <c 2 h 5 ) ,] 4 
t «(c n h 3 mm i rttttiw « . 



8c 

A. 



-t*H 



10— -v 



3 — 11 




2 t-^oy^ 

3 fifc£ 

4 fi£ 

5 /^7~ 

6 TaCNCC^H,),), 



7 fc— * 

9 ^y^* 



mi) 
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fSfli<7)M[N (C t H 6 ),]« (fflU Mli**<Si* 

t, fc*««ffijft* (cvb) ifefc-c, 

t?) K. SKtt* AWfc*»K***l- «tS&C* 
immi IMEMtf. Hf. Ta. Zr t Ti. S 

i <?>*<mtd?x'bhz t i mb thmm 1 

[19*83 3 miEM^Ta-C'$)Si:#. Ta [N (C 
2 H 5 ) : ] 4 *dBi.rN (C 2 H 5 ) Ta [N (C 
2 H 5 ) ,] 3 «lrttiA?W;!:ltS!:t^ 

fc wmb?&n%% i ~3 <o«n*H=iBttwjsR* 

fc, 0 2 , N 2 0, NO, H 2 0^«4>c9ia^L<t41t& 
84 Wlt&RIWHMR*****' £ b *®&.bth 

[»*JS6 3 4«»fl3W»t1«^«^^*« R 

mztsm&w-xmzbimbt&mmsm 
[»*JS7 3 ma«BKrt*=. mawwwRHfcNw 

£ N 2 , NH 8 <0+WW*l* v -*^t<ttW*** a& 

mz*tsm&*£rmzbzmbi-&mm7i£. 

[is^ i o 3 r«h» 4 5 o«ar «aurctf o - 
a. 

[ii^s 1 1 1 «£jRwa* 4 o oxjatwajrcfT 

2 0 O-CiSV^arel?^ k 5r#@ti:tl>«*« 1 ~ 1 
[00011 



[00023 
[00033 

X CVD (Chemical Vapor Deposition)®, 
ffiOT^IIBWEft-CrtlW-* LPCVD (Low Pressu 
re CVD) Wt. W€M£i>$m&&< : ®®* mtlZ 

[00043 c vDifcr£W5 Jtf*<ofli£*£*** 
4*J£kLTtt. Ci («) ma»wYy*4*kB, 
g&ittz&wwYyiWtoZR^&irtit. TMA ( b 

•j^^/WT^S-^A) , TEA (h'JXf-;Ur;W5- 
^A)*0*IIA«*ffl^4MOCVD (Metal Organi 

c cvd) mmttK &m>^y>tt.mm^n%X' 

*. *HAH*«v^MOCVDffiii, SH^o 

fHdtt tT*^«IM«i»*«* tTV»* k|4ISfe 

[00053 *me>WMte. iJfttfcft*tt«^WH 
^j^tSdk-C*-'^^ ^OgW{4, 

«wttk *Hts < imr hzbtfx'tiio c 
thkoizthzbX'bh. 

[00061 

<{41Sma^M [N (C 2 H 6 ) ,] 4 (fiL, Mti&g 
( S i fc-Srtf. WTHt ) 7C«) 
fi^^At, -fb^Wmffl^* (CVD) S£irC, ^1 
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oaJSJ: 0 i»v«(CT»«I*fT o Z 1 5r#®fc-r 
S*Km tffi&Ztil. *IX. 0*L«i. fine 
M*». Hf, Ta, Zr. Ti. S i ^^Hit^Tft 
6 . * Lt . & « fctt , mm 

HMC BtnBW»JS^t|5l^C o 2 . N 2 0. N 
[0007] 

4. *WWc*»v»Tli, Hlfc*f 3-;H«* 

*-^«LPCVD§«ftJB^rj«ftWf*#l*. ft. 

tfrnrnztixio*) . *<?±teaHR63*^UT«R4*» 
2rt*>t-*fcj: o«um o o~6 o brciwrt 

'COT. J: Off 4 L< 144 0 0X^T«OfflKa*W»R 
^?-5rtfc«»l:LTffiitfTa [N (C 
2 H 5 ) 2 ] 4 6£«&U h-^TTttOW^+UT 

^xx'hhHi^xmLxmm^^mmi^m 

-nyba-7 8a(cJ:i9P®1-SCfct;J: 1 5©Jfflt-r 
t. &M£lrtffi(*s 4A9*itLX9-X%=f- 
X>7 10ba-?y -X>7 1 1 ^xHA^^lc J: 0 

tfl~100Torr (133. 3~13332Pa) 

[0008] &m®T$>hT amBfS.i'&%&lZli. 
WMfiXb LTtiTa [N (C 2 H 6 ) 2 ] 4 *)*!&«0Bfr§ 
ill U1U f£m>J:3KTa [N (C 2 H 6 ) 2 ] 4 (C 
{JNC 2 H 5 Ta [N (C 2 H 5 ) 2 ] 3 MAU^) . 

Tamtzftmco&m&xb&Hf (a7-w)«, 

Zr (^'/PrJ-^ A) |g > Ti (f-^y) JR, Si 

vzy) m&tfL-t&nfeMi.. mmxt lth f 

[N (C 2 H 5 ) 2 ] 4 . Zr [N (C 2 H 5 ) 2 ],.Ti 
[N (C,H B -)|] 4 4fcttSi [N (C 2 H 5 ) 2 ] 4 £ft 

i S i m&t&m&lZUT i [N (C 2 H 5 ) 2 ] 4 #X 

tsi [n (c 2 h 8 ) 2 ] ( #zt zm izimmmzm 

Mrth. (£&£■£&) MajJUMIL rimafflK 
J; 9 5 0-2 0 orKv^aKtct3!MSl*ff 5 . 
Ztilzl mWzimiXW&tlC. N&&jk&iHt 

xmnnmsit*^- himcoiB$mzmi z t 

6 . Z <7)m*mi* .400 'CULhcOiSJgtCTfi 1 



mtw ziiWF^m.ximm<7)isc.m^mzffo 
ztmi^frhx-bz. zmmmmma. & 
mm i mz&^xf&mmizmM^xfto zttfxz h 
mMfrhM^\&ixyv77--?mzm^xm. 
mzft? xotzixi>£\,\ 
[0009] &mimmm+&ta&tzu. m [ n 

(C 2 H 6 ) 2 ] 4 (fit, MM&Rjcg) ££fc:g8E4_t 
-TS. 0 2 JfxcotfJltevxya-ayhxi-yabi/Z 

xomti. fi»j^.(fTa 2 o 5 v&mmim&K. 

fi. Ta [N (C 2 H 5 ) 2 ] 4 #Xfc£C0 2 £j£!g£g^ 
0 2 (cftiN,0. NO. H 2 o£fflvvckJ: 

•f 4 J: d ti LT t J: v\ ^)IMHhKSrV) LAMNk 
*WS^I!lll*»fttft«^(ctt, «SSOM [N (C 

2 h 5 ) , ] 4 t«iciiftiber^ . 
[ooio] &wmmmmminh&z\$.. m i n 

(Q 2 H 5 ) 2 ] 4 (fiU. M(4^«7C^) t«tca«4± 
fcfiBKfcfctt?* t KfiWiHfN H 3 SrftdM 1 izmx 
•fh. NH 3 ^oiS[l(i7^7 o-n y h n-5 8 c 

izx rm.th. muiT \ mzimt&msizit. 

Ti [N (C 2 H 5 ) ,]«^t*fcNH 8 SrftHM^ 
AtS. NH 3 fcftiN, S:fflV^TtJ:<. 4fcNH 8 

•fS^tli. ISicS^M [N (C 2 H 5 ) ,] 4 i:*teH 
[0011] @2ii. M (^JStc*) **TaT*4*« 

H f . Z r . T i . S i <0^^{4. H3^-fi a 
£. M [N (C 2 H 6 ) ,] 4 <OHBt-C*-33t. 
[00 1 2] 

immmi^mmmitLx. Hit^LPcvDii 

JBtJ:0. Ta [N (C 2 H 5 ) 2 ] 4 ^IMXCffl 
IvCTaftfcjfflRLfc. «R4fc:J4*«Sl«SiaiR. 
S i fflRSiiiitSSBMtL-CffjKLfcS i 0 2 ««. S i 
H«t:(@2. Ojizm. ^§5^m (TX^^hJt=2. 

f$:ll^t^l«-C'^8 0 o Ctc»LJt. 3^dtM(C 
fcV^T. S«?agSrh-^7'D>y^2f*l<?)h-^Sr$iJffll 
tT10 0-6 0 0X:t^b$-«t. h-^7<^)iag^6 
CCtfRftL. •?X7o-nyho-78a{c«J:0H 2 
#Z$$MZ 1 0 s c c mtMLfc. 4fc, ftfig^l^ 
^SMlOTorr ( 1 333 Pa) fcftftUfc. ]R 



* 



H4) 



[0013] mm uzmmiifmtaws e m ^ 

(scanning electron microscope; 3!S:flfiftli) K^f- 

{JTEM (transparent electron microscope;®®!!^ 
ft) S»C«k9. IWWIIWS IMS (secondary 
ion mass spectroscopy; > 

0 -e-n^ttP^fc. *«iSJS4 0 o-curFTiiSS^ 
. fe^j:^ ««iK4ooxaaTCttiiw>±». & 
«ttcft«, 4 5 or* -e±(f *> 

.0. 7 5gSK£-e<STU:* s . ^UTtttlWr^ 
JiifcfcfcBOTfrHi-fcfciiktf-CSfc. 
[0014] lcOi£t»{«mi^#«U5kffi< . S 

«aK4 0 0~6 0 0XX*swc. 0. 01-1. 00 

•y vtmmmmzffit-fcmm-cz * - k ... 

fit. *«SW«HfiWl*tT*)«rv^Kflt:^v^ 
U&jgyi&oi o~i oofg<ott£^W:. sims£ 

Wf 4 0 ot^*L^i#ftfMi&"?*->fc' 
[00 1 5] UltiSEfcffl^ Hf [N (C 
2 H 5 ) ,] t . Zr [N (C 2 H 5 ) 2 ] 4 . Ti [N (C, 
H,),]., Si [N (C 2 H 5 ) ,]«*JflWCfc, **l 

2 H 5 ) ^flSakP^J^fcff^ktfiK**:. * 

[0 0 16] [iW2]IWl^»Bl 
fcjj^f LPCVDlStfcflJ^ jE-wflW)*frfcHtCU 
X Ta [N (C,H,),],l:FWfcO, $r^X7n- 
3 yl*n-5 5bfcJ:9itt**#0. 01-1000 

m 1 KWU-rjSRSrtK^^t-*' TaKtt 
£k K+<0K^»±O 2 ^a« 
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2 ] 4 KfU, Hf [N (C 2 H 5 ) ,] 4 , Zr [N (C 2 
H 5 ) ,] t . Ti [N (C 2 H 5 ) ,] 4 , Si [N (C 2 H 

®<7)±mmmffl&fz>zttfX'Zti. zti 
vmwiiu. mmmmx-muz. mm 

[0017] iti^^mitmmi^-fti^^ 

ZZbiMmvbZ. tiz. s i 

£N 2 o; no, H,o9*«»U"tfcHaMcAW«fc* 

KfcJt^T, M/yf-j/Wrif A ^0Oa»* t A< ? k'W 
' X o ftfflic *» - k k » c 1 S** 8 * 

'<9ftttfc»#U:-kli2Sffi091 kH«TCifc->fc. 
[0 018] [S^3]3»m*>^kH«fciai 
fcij^LPCVDiaSrfflW *<0ffi*>*fr*Rtt 
■C Ta [N(C,H,),].kH*fe. ^n-3V 
bO-98cfciOa»*tt*0.-01~1 0 0 0ml 

tiBtrNH3*jia!SirtKfla&tfcki%. Ta 

jDfcffvvtttflDU ^f*M8*rCm«nLfc. T 
a [N (C 2 H 5 ) t ] 4 t«i> Hf CN (C 
2 H 5 ) 2 ] 4 , Zr [N (C 2 H 6 ) 2 ] 4 . Ti [N (C 2 
H 6 ) ,] 4 , Si [N (C,H,) 1 ] 4 *kH , »« c ** 
0 0 1~1 000m 1 cONH 3 Srft*&t^t'I ; ?>. * 

iiziimm&mmmm&mh - k *«r s fc . 

NH,aat<o«!in=ffv^iiiit, flssmwwre** 1 
tfc. sfeK:.iat«i««^kRi«(c2aaa±«)K 

[00193 infe«)4lfflft»IBi^'^ l *»* wA * 

t^)TWktLXmmh^tiM^hh. ®4(±, S 
i S&tfcT iN(f^ yfiflSft ) ^K?r 4 0 OWt 
0. ljumWBWC««L4 7 0X;t:T3 0*<^MMi 
tff->fctM»±fcCu*«lt. *O»5 5 0X;, 1 
^IBicOlMMMIiff^T , T i N^MOC u {CJttft a* 

tO. «»SCCuiiSSrko^. iO0*^BB^*^J: 
o fc, t i NWWc i 0 c u wttibWljhStiT v^* - 
k*^3&»6. NH 3 «)<tb0fcN, SrfflV^TtS) 
*UiNH 3 kRlKCN, $r«i^LT «>P«fc*WM* 
R*«»fe<ife. ttMOfzMztm. Lfz^'v 9°Mz&h 
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«k o %mtz t,%-£j£iR#aj#* z 1 1 , c l ^off® 

<7)«tt t &* z k immm i s j^hmmi 2 1 ^ 

1 0 0 2 0 3 ja±, uv^wtwico^TK 
wur#. *mnt. ztiL>mimizmfezti&{><r)Z' 
«a<. *mn%'§t*]mtzzk0)%^mmzti 

[0021] 

\%mvtm\ J2UJtf3iU:J:3£. *fKBfc:J:6A«" 

«WkWmfcHf [N (C 2 H 5 ),]». Ta[N 
(Gj'Hs ) 2 ] 4 . Zr [N '(C 2 H 5 ); 2 ]" 4 /Ti [N " 
(C 2 H 8 ) 2 ] 4 . Si [N (C 2 H 5 ) .,] t *m\\ 



tun *&BB*>nte*m©> swtwi*KWifcft 

(*<D1>. 
(<W>2). 

[04 ] Si «R±lC»*SilfeT i N^liOC u l/Z 

1 mm 

2 h-^ro/i? . - 
3 
4 

5 i^rfy — ' : 

6 Ta [N (C 2 H 5 ) 2 ] 4 

7 t-? 

8a-8c -?X7V-ayhn—y 

10 ^-jK^hWyr 

11 o-^'j-^yr 



[HI] 



[02] 



NH } 



8c 

A. 



— -i*j-C 



1 RtK'zK 

2 t-^D^ 
3 

4 &fc 

6 Tft(N (G i H 6 ) 2 ) 4 




—6 



3-11 



7 fc-* 

8a^8b^8c v^d— a^p— 7 
9 

10 *-tf£*Sfc^ 



N — Ta — N 

N ^ ^ 

/ \ 
C,H 5 C,H 5 



C,H 3 C 2 H B 



[033 



eft, 



V 



N — M- 



/ 



N 
/ \ 
C 2 H a C 2 H 3 



N 
/ \ 
G,H 5 C 2 H 6 (02) 



(03) 
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[04] 



i 



10 20 - 



1019-= 



lO 18 -^ 



10 IT^ 



io« 



Cu | TiN ! 



J 



l I l I I l l I " 

0.0 0.1 0.2 



Si- sub 




0.3 * 0.4 * 
(04) 
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F?~A(##) 4K030 AAOO AMI AA13 AA14 AA16 
AA17 AA18 BA10 BA17 BA18 
BA22 BA29 BA38 BA42 CA04 
CA12 DA09 JA10 
4M104 BB01 BB13 BB14 BB17 BB29 
BB30 BB32 DD45 DD78 DD79 
HH13 

5F058 BD05 BF04 BF27 BF29 



